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ABSTRACT 
The dye sensitized solar cells have been assembled by using natural dye extracted from Terminalia catappa fruits. The 
photoelectrode for dye sensitized solar cell were prepared using green synthesized ZnO nanoparticles using doctor blade 
technique. The photoelectrode were sensitized using the extracted dyes. The fabricated solar cell exhibited short circuit 
current density of 4.9 mA and open circuit voltage of 0.472 V. The efficiency of the cell was found to be 1.58%. The 
photovoltaic performance of the constructed solar cell show good conversion efficiency. This indicates that Terminalia 
catappa fruit extracts can be used as an effective sensitizer.  
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1. INTRODUCTION  
ZnO nanoparticles have attracted technological interest due to their variety of applications in the fields of 
optoelectronic devices, piezo electric devices, sensors, UV-LED, etc. [1-4]. ZnO is one of the best photo catalysts with 
good transparency and electron mobility property. ZnO nanoparticles also possess the potential to be used as a 
photoelectrode in dye sensitized solar cells. The dye sensitized solar cells are devices used to convert sunlight into 
electric current. The dye sensitized solar cell is considered as the third generation solar cell. These cells have many 
advantages like low cost, easy to fabricate and eco-friendly when natural dyes are used. The DSSC cell consists of a 
nanocrystalline wide band gap semiconductor oxide layer on low resistance FTO substrate, counter electrode coated with 
platinum or carbon, redox electrolyte and dye for sensitizing the semiconductor layer. The photo anode was prepared by 
ZnO nanoparticles synthesized through green synthesis process. Various methods are invol ved in synthesizing ZnO 
nanoparticles like sol-gel method, precipitation method, laser ablation method etc. These methods involve hazardous 
chemicals and time consuming methods. The green synthesis method is a best alternative to the above methods with eco -
friendly approach and simple process. The ZnO nanoparticles are synthesized using Amorphophallus paeoniifolius tuber 
extracts. The phytochemicals present in the tuber extract acts as a reducing agent in the synthesizing process. The 
synthesized nanoparticles are used as a photo anode in the dye sensitized solar cell. The performance of the dye 
sensitized solar cell highly depends on the dye sensitizer and the acceptor material. . Recently highest efficiency of 13% 
was achieved through molecular engineering of porphyrin sensitizers [5]. Ruthenium based dyes showed an efficiency of 
12%. In order to achieve good efficiencies the dye should have absorption spectrum in the visible or near infrared regions 
of solar spectrum [6]. The cost of these solar cells can be highly reduced if the ruthenium dyes are replaced by natural 
dyes. Cost effective eco-friendly dyes and electrolyte have been utilized in these solar cells and were successful with 
better conversion efficiencies [7-12].  Several natural pigments such as chlorophyll, anthocyanins, tannin and carotene are 
successfully used as sensitizers in DSSC [13]. The natural dye offers various advantages such as non-toxic environmental 
friendly.  
In this paper we report fabrication of dye sensitized solar cell using natural dye extracted from Terminalia catappa fruit to 
sensitize green synthesized ZnO nanoparticles. The performance of the fabricated solar cell is analyzed by open circuit 
voltage (Voc), short circuit current density (Jsc) through I-V characteristics curve. 
2. EXPERIMENTAL DETAILS  
Precursor Zinc acetate dihydrate Zn (CH3COO)2·2H2O (99%), is purchased from Sigma-Aldrich. Fresh 
Amorphophallus paeoniifolius  tubers and Terminalia catappa fruit were purchased from local market in Coimbatore, 
Tamilnadu, India. 
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2.2 Preparation of tuber extract 
Fresh Amorphophallus paeoniifolius tubers were washed thoroughly with double distilled water. The outer skin of the 
tubers was peeled out and the corm alone was chopped into tiny pieces. 10 gm of chopped tubers were taken in a glass 
beaker with 200 ml of double distilled water and heated at 70  for 30 min. Then the content was allowed to cool at room 
temperature, filtered and stored in a glass beaker. 
2.3 Preparation of ZnO nanoparticles 
The preparation of ZnO nanoparticles involves 0.2M of Zinc acetate dihydrate which was dissolved in 100 ml of 
de-ionized water using magnetic stirrer at 70  for 30 min. Then 20 ml of prepared Amorphophallus paeoniifolius tuber 
extract was added to the zinc acetate dihydrate solution and was stirred at 80°C for 1hour resulting in the formation of 
pale yellowish precipitate. The solution was decanted and the precipitate and was dried in microwave oven for 5 minutes. 
Finally a white powder  was obtained and was annealed at 400°C for 1 hour. 
2.3 Preparation of ZnO photoelectrode 
The prepared ZnO nanoparticles are coated onto conducting side of FTO substrate by doctor blade method. Few 
drops of very dilute acetic acid were added to 1 g of prepared ZnO nanoparticle and grinded in a mortar and pestle until a 
colloidal suspension with a smooth consistency was observed. Then 2-3 drops of the ZnO suspension was dropped on the 
conductive side of FTO substrate and spread out evenly on the surface of the FTO with glass rod. Then the substrate was 
dried at 200 °C for 30 min and naturally cooled down to room temperature.  
2.4 Extraction of natural dye sensitizers 
The dyes used to sensitize the ZnO photoelectrode have been extracted from fruits of Terminalia catappa. The 
flesh from the fruits of Terminalia catappa along with the skin was allowed to dry in shade. After drying it completely, the 
dried skins of the fruits were powdered in a blender. The powder was soaked in 100 ml of ethanol at room temperature for 
24 h and then the solid residues were filtered out. The filtrate was washed with hexane several times to remove any oil 
presence. This was directly used as dye solution for sensitizing the prepared ZnO photoelectrode. 
2.5 Sensitization of ZnO photoelectrode 
The prepared photoelectrode has to be sensitized by a light absorbing dye in order  to inject electrons to the 
electrode by photo excitation process. Each ZnO photoelectrode was immersed into the separate beakers containing the 
dye extracted from the fruits of Terminalia catappa. The sensitization was carried in a dark environment at room 
temperature for about 10 h. After sensitization the electrodes were rinsed with ethanol to remove the excess of dye 
present in the electrode and then the electrode was dried. Thus the prepared ZnO photoelectrode was sensitized with 
natural dyes. 
2.6 Dye sensitized solar cell assembly 
 The fabrication of dye sensitized solar cell involves basic components like dye sensitized photoelectrode 
(working electrode), electrolyte and a counter electrode. In the present work the dye sensitized ZnO photoelectrode acts 
as the working electrode. The platinized FTO glass is used as counter electrode and it was placed on the top of the dye 
sensitized ZnO photoelectrode and sealed with 30 µm thick thermal adhesive film. The iodide/Triiodide redox electrolyte 
solution was filled into the space between the photoelectrode and the counter electrode through a hole made on the 
counter electrode due to capillary action. After filling the electrolyte the hole was sealed using the adhesive film. With th e 
same procedure five solar cells were constructed with each dye and their J-V characteristics were analyzed. 
3. Results and discussion 
  The X-ray diffraction patterns of the synthesized ZnO nanoparticles are shown in the Fig. 1 The peaks at 32.58°, 
35.14°, 37.01°, 47.90°, 57.03°, 63.35°, 68.29°, 69.54°, 77.44° corres ponding to (100), (002), (101), (102), (110), (103), 
(201), (112), (202) positions clearly indicate the prepared ZnO nanoparticles are in wurtzite phase. The particle size of is 
calculated using Debye scherrer’s equation  
D = 0.89λ / (β cosθ) 
Where D is the crystallite size, λ is the wavelength of X-ray used, θ is Bragg’s angle and β is the full width half maximum. 
The average crystallite size was determined to be 14 nm. Fig. 2 shows the FESEM image of granular shaped ZnO 
nanoparticles.  
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Fig. 1. XRD pattern of green synthesized ZnO nanoparticles.  
 
Fig. 2. FESEM image of green synthesized ZnO nanoparticles.  
 
Fig. 3. UV-Vis spectroscopy of green synthesized ZnO nanoparticles.  
 
Fig. 4. Absorbance spectra of fruit extracts of Terminalia catappa and Terminalia catappa sensitized 
ZnO photo anode. 
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Fig 5 J-V characteristics of Terminalia catappa fruit extract sensitized solar cell. 
Figure. 3 shows the UV-Vis absorption spectra of as synthesized ZnO nanoparticles. A sharp 
absorption was observed in the wavelength of 373 nm which can be assigned to the intrinsic energy band gap 
of ZnO nanoparticle. The energy band gap is calculated by the formula  
Eg=
      
 
 eV 
Where h is plancks constant, c is the velocity of light and λ is the wavelength. The band gap energy of zinc oxide 
was found to be 3.32 eV. This in agreement with the previous studies [14].  
Figure 4 shows the absorption spectra ZnO photoelectrode sensitized by fruit extracts of Terminalia catappa in 
ethanolic solution. The light absorbance of ZnO photoelectrode has been improved by the sensitization of fruit extracts of 
Terminalia catappa. 100 g of the fruits of Terminalia catappa contains β-carotene (2.1 mg), ascorbic acid (138.6 mg) and 
vitamin E (7.25 mg) as the major constituents [15].  The improvement in light absorption of the sensitized photoelectrode is 
mainly due to the presence of ascorbic acid in the dye. 
Figure 5 shows the J-V characteristics of prepared solar cells. The open circuit voltage, short circuit current 
density, fill factor was found to be 0.47 V, 0.0049 A/cm
2
 and 0.683 respectively. The efficiency of the prepared ZnO 
photoelectrode sensitized by Terminalia catappa fruit extracts showed an efficiency of 1.58%.  The devices remained 
stable for 14 days after which there was a decrease in Jsc values.  
4. Conclusion 
ZnO nanoparticles have been synthesized by green synthesis method using Amorphophallus paeoniifolius tuber 
extracts. The X-ray diffraction studies confirm that the prepared sample is ZnO nanoparticles. The band gap energy 
determined from UV-Vis spectroscopy studies is 3.32 eV. The photoelectrode for dye sensitized solar cell application is 
prepared using the synthesized ZnO nanoparticles. ZnO photoelectrode were sensitized using natural dyes extracted from 
fruits of Terminalia catappa. The J-V characteristic of the constructed solar cell shows an efficiency of 1.58%. The results 
confirm that the dye extracted from fruits of Terminalia catappa is an effective sensitizer for dye sensitized solar cell. 
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